WO 2009/117644PCT/US2009/037782 High Fluoride lon Recovery Compositions BACKGROUND OF
THE INVENTION 100011 Dental caries is a major dental disease that affects the majority of the
population. In the early part of the 20th century, investigators discovered that fluoride was effective in
reducing the iRgiglenes ©f garies. Since that time, fluoride research has deyglopegyapg-tis now well
accepted that fluoride treatments benefit dental health. [0002] Most dentifrice compositions contain
fluoride ions in the range of 1,000 to 1,500 ppm. However, for some segments of the population,
higher amounts of fluoride may be even more beneficial. Some patients often suffer from either
aggressive caries, or are otherwisggitarnghat riskrkdaniat ongasidban the general population. Other
patients suffer from xerostomia, or tooth sensitivity. These patients may benefit from special dentifrices
that incorporate high levels of fluoride ions. For example, some such dentifrices incorporate sodium
fluoride as a fluoride ion source, in BACHLIB CLOUROF, 3O pPNVESUEAMNdSs around 2,000 ppm or around
o o PRI EXRL 1 MRS NP IR IR G e B ARalSR LMol (s of
uorid ow solubllity, flu

fluoride in oral care compogitions. Fluoride ion sources may have ty, fluoride ions may
precipitate Sborat @EHIAL e WathPe et i catrustilisnger s ikahilyrda stan rifcstiverngragieathan a
dentifrice caimpasitien c42Bstheibanhand, fhoxie-saMenhis asddashie, R aanmasiien jecipegase
fluoride ion ava}illability the compo%i’go(g Ch@%%g@ and tends to lose the desirable physical
characteristita S Sreaimeis Rensi P4 htifrice, e.g., the viscosity of the compositions may be
too thin angoaorhM{B0D:AiTive usepofniurcoadhdsiferdbiner ithcorgdeinAtiooonih Soopde.is known in
the art. However, ionic salts, includi oride, ions know interact and.become entrapped in
matiple pol e B B D B SR AR e
compositiohgnedaidinibeye ntduthelons gy rursciiey asgprssivn cerisadusirapleervtiskin e duhmr
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content oral care compositions, e.g., for patients who need high levels of fluoride, e.g., those suffering
from xerostSHTE YR/ P ESOMISBRSARIDIEN HirhereaabfepiBrsiborearte g yskesn in which
the anticariiecaidiiMisysofRtrecfarnpldesimneisuohalsisifiecs shesposialpdiver flupeddtas Alsertiksisable to
develop compositions which do no ult in a sticky or t ensation following, use, and provides a
amooth fealEPmIEh TP SHep b G FHE SUUT T D B OB SRR SUNIMARY OF
THE INVENOOGN HoeosdTiapydsalifiinvé rtivniddbatied bective punsrisia gfdigbdesels el fuatede ion

availability j5 gainiaingdia Mgl eYelHHOIHS GREP AR ARGGOMRSIRHIGHR YSRE iRithay
heteropolysaccharide, and a polyvinylmethylether/maleic anhydride (PVME/MA) copolymer. One

aspect of tHESIRLER PH OEALSRHE B TRe Y ¥b biside ivpscrep et e thether insiedonts ifvoride
recovecrly, ee@mmﬁawﬁmﬁﬁ%)ﬂuwKiﬁemf%u,emn”aféé&ﬁiﬁmﬂ@aa@la@@tﬂ?]v&wsamiagmﬁ&s@/@position
1.0, a dentiffice, compositjon comprising a,hydrqcolloid, a heteropolysaccharide, and. a PYME/MA
iy 5 AL R e U e
1.1Compositianctedstiosmssisingd it rid ecreptsdadatsiiiticiegt, therdvidedithabaupdsfiotsppay to
about 25,0QQ %r{h{llluaq]g%%ps 1.2Composition 1.0 or 1.1 comprising a fluoride ion source to provide
at least about 4,000 ppm of fluoride ions, e.g., about 4500 ppm, about 5000 ppm, or about 5500 ppm.
1.3Any of t0p#bddsine ebmysesihssy cumdyaipriie operoetinaivitg Supsidets kemymimtie glim, xanthan
gum, agar, Ga{aEecioaR i) i S TIoRRYYAR LA iRl s I Batians dhesssld indAmiyé the
preceding compositions comprising X nth%%geu ; 1.5Any of}h,e, preceding compaositions comprising
from aboutRPBEREToAREE f SRR SLANAHE .ﬁ%&?’&'ﬁo fonsUs: Aical RATRRSIS, to about 3%,
about 0.5%xdnh%e; o hg oniOiciicAn)yoids enpyaspdiftgeampnitbia Ssvididneds the
heteropolysac ide.lspectin. 1.7 f the preceding compositions comprising from about 0.01% to
about 4% hg?gqr(}(})%% yslg(tzlg éﬁgte}l,lfg@%?%rh}%bout 0.05% to about 3%, about 0.08%, about 0.1%, or
about 0.1298005] Thus, there is a need in the art for a high-fluoride content oral care compositions, ¢.g., for

patients who need high levels of fluoride, e.g., those suffering from xerostomia and/or tooth
sensitivity. It is further desirable to develop such a composition in which the anticaries activity of
the fluoride ion is maintained successfully over time, It is also desirable to develop compositions
which do not result in a sticky or tacky sensation following use, and provides a smooth feel during

and after brushing,



1.8Any of the preceding compositions comprising from about 0.1% to about 10% of a PVME/MA
copolymer, e.g., from about 0.2% to about 5%, from about 0.5% to about 2%, about 0.5%, about 1%,
or about 298V 9.9M8{ Hbfe preceding compositions which provides a high fR{oHHE2/PeCHdery; 1.10
Any of the preceding compositions comprising an effective amount of an antibacterial agent; WO
2009/117644PCT/US2009/037782 1.11 Any of the preceding compositions comprising a halogenated
diphenyl ether, e.g., triclosan; 1.12 Any of the preceding compositions comprising an effective amount
of a desensitizing agent; 1.13 Any of the preceding compositions comprising a potassium salt,

capsaicin, eugenol, a strontium sgit|REZIGMBKAR QU IGE BAKPEREGRIPations thereof; 1.14 Any of

the preceding compositions comprising potassium nitrate, potassium bicarbonate, potassium chloride,

potassiulf08@latdicsesertiny o is hesebonimtiunssing discovas tay thiardeiascediebddmisositions
wherein te g eni AR VOIS RIES EhiPL ST AP e AL AROHE RS G R AL AldterdB Y s Ui ad, 16

Any of the preceding compositions wherein the fluoride ion source is sodium fluorlde,gotassmm

fluoride, ¥ &paPvoavimethethirionaleicanbyirdeBMMENdAd copelivneruORa espasimbia PreRsstide,
stannous,thepridieisidabRH L RHEARIRIG QL BBV %Qf@ﬁh@‘éﬁ%‘@f&o&&é?é&k}%fﬁ, e
uori ,

monofluorophosphate, laurylamine hydrofluoride, diethylaminoethyloctoylamide hydr
didecylogxsatay thanAsridhonisds igeo @ Ipyridinium fluoride, dilaurylmorpholinium fluoride, sarcosine

stannoumqlidﬁe%ﬁm AeEIH M Auasde AR MY fluaricecaminsduatdeofiprRMpinations

thereof; 1.17 Any of the preceding compositions comprising at least about 40% by weight water; 1.18
Any of therdi ahsirperpivRs i g sRYMUMR rerpdnieFRidosan, triclosan monophosphate,

chlorhexjgiagy leuiding) RexRIKinensBPHENAEIRG: RRRZANPHUTHERIMIHSfaticylanilide, arginate

esters, ethyl lauryl arginate, bisphenols, domiphen bromide, tetradecylpyridinium chloride,
N-tetradéclzl-ﬂ?éiﬁ_‘}ﬂ%lﬂﬁmh%@mﬁﬂﬂég&%ﬁﬂﬂﬁ’é%éﬂ“@ﬁiﬁ%ﬁﬁé’@!ﬁﬁhﬂ?hﬁéﬁﬁ%ﬁ@b@ﬁ@g@@ﬁ,

copper ion ageph£3sapYRA gl,@oﬁjﬁﬁﬁpﬂg%gg%gggocins, a basic amino acid, or combinations thereof;
1.19 Any of the preceding compositions comprising an abrasive silica, an amorphous silica, a

humectant a stapmpasyiagd cad drnsarssing aguntids LicuisetoPRIdE iM% rbeHi M ons
thereof; 1.20 AgyaidheuriRiering cgmansitiasssphatantialy direpphholy stbutee@psal: 1.21 Any of

the preceding compositions which is a dentifrice, e.g., a toothpaste; 1.22 Any of the preceding

compositidns whiBhobibsiBreseding ryapvions Missridhe hydiosalleidhintsdestrd from Adatig 6m
about 95% to apgihd2 B Imeideier:EeRaY gim, \Mier 2080/ddkiRdd B HAihS PO Afbnd - 24

Composition 1.21 having about 100% fluoride ion recovery; 1.25 Compositions 1.22 or 1.23 wherein
the fluoride ion%ﬁ‘?ﬁéry is 3, 6, 9, or 12 months following manufacture of the compositions. [0009]

The pregent invemiontife PR ieE Rahisoaitldat @ehist digakineher ggiamia and/or tooth sensitivity
comprisig apeyIng B o1 o cOmROSEns 10 L2 A U S i
hydrocolloid, e.g., about 0.1% to about 4%, about 0.2% to about 3%, about 0.5%, 0.6%,
0.7%, 0.8%, or 0.9%;
1.6  Any of the preceding compositions wherein the heteropolysaccharide is pectin;
1.7  Any of the preceding compositions comprising from about 0.01% to about 4%
heteropolysaccharide, e.g., from about 0.05% to about 3%, about 0.08%, about 0.1%, or
about 0.12%;
1.8  Any of the preceding compositions comprising from about 0.1% to about 10% of a
PVME/MA copolymer, e.g., from about 0.2% to about 5%, from about 0.5% to about 2%,
about 0.5%, about 1%, or about 2%;
1.9  Any of the preceding compositions which provides a high fluoride ion recovery;

1.10  Any of the preceding compositions comprising an effective amount of an antibacterial

agent;



100101 The present invention is also directed to the use of any one of compositions 1.0 - 1.22 to
maintain high fluoride recovery in a dentifrice composition. DETAILED DESCRIPTION OF THE
INVENTIONYOG#4Y/1HAdighout the present disclosure, ranges are used asPCSHERAMB Td¥2describing
each and every value that is within the range. Any value within the range can be selected as the
terminus of the range. [0012] The compositions of the present invention contain an orally acceptable
polyvinylmethylether/maleic anhydride (PVME/MA) copolymer. The PVME/MA copolymer is present
from abolut D.1%1y ebbetrreslifer eoxapepiticas sonpasingrdiategenotrdsiiphenyhetiGartegally the methyl
vinyl ether to mﬁ,]gf(gfsgﬂhydride ratio in the copolymer is about 1:4 to about 4:1, and the copolymer has
an average molecular Weight of about 30,000 to about 1,000,000, for example about 30,000 to about
500,000 Ri=ferany PAtivEvRdGog syms tivok ermbposia gt effeet \© ANTRIE ST ordengristiningP
(Wayne, NJ). ngegtVME/MA copolymer may also act as an antibacterial enhancing agent if present in
an antibacterial €nhancing effective amount. [0013] The compositions of the present invention also
include d HydrodoloM thetedreding sernpostiansaeipisinga patishinysalicvapsgidimgegsant, and is one
that can furthersﬁ%grtﬂgHtsedlt‘? mthami,rggcmgmtmig;s astivinagiLoeLliugyide ion over time. Preferred

hydrocolloids include plant exudates such as gum Arabic; seaweed extracis such as xanthan gum,
agar and dﬁrrageahgﬁt@qjmgmﬁgmgmpmaggm@éwa@ gumtgmﬁa%u@abmrhgweh as
starches; fermepiation gums, e aa el ai-AbimALIRdHEISRHER ASGRIHIRRL ARRBRations of any
of these hydrocolloids. A preferred hydrocolloid is xanthan gum. [0014] The compositions of the
present ilnéntigknalebthechieredineeerapeiiiiencwhee the flepsiieiot-epHrpras presentanam@reount
heteropolysaccharids,iasep g esisifisd ﬁygveggﬁtjally methyl esterfied, and may serve as an
emulsifying, thickening, and/or gelling agent. pr’eferyed WO 2009/117644PCT/US2009/037782
heteropolykhcchadd iBeiregedingrereppsiipatihersiy te Juatidedonsarcrikudsnsiamideo, CA)
under the tradepame; GEMYIPSSIRLSRILAA LR Hhdrhtee cAmRAItiSRR.AY HiERISIRRkigyention are

able to provide a high recovery of fluoride ions. Generally, the compositions are able to provide high
fluoride ion recdleydss sramoasntbovide saeraustbmridegstameus Shorrireensats, sadBNabout 95% to

about 110%, orahsiuRORedGHE %é'&uﬁ{ier%ﬁ%ms&fwa[pﬁa&eq&u@ixrﬁfr{w&&fm%&i@}nd the like
describes the relationship between the theoretical amounts f

b ] s fluoride ions available in a composition,
and the actual SiefiREersarieckrivmiisdhshoitecade. WilssddimetbsansrorivanAuesidered, or at
any given time aé@rw&r&tﬁi&gﬂ&whﬂ&dmﬁttbpﬁdnmma&ﬁwwe&ﬁwﬁﬁq% fugatdollowing
manufacturing. "High" fluoride ion recovery means that the actual amounts of available fluoride ions
are about 90% SWQ}%P@FWHB‘MQ%QPS%&IH@BFQ%M flusride RrrombIatihposition,
e.g., about 95%pr.gygater. Indeed, high fluoride recovery may also mean that the actual amounts of
available fluoride ions are greater than 100% of the theoretical amounts of available fluoride ions, e.g.,

from about 100990 ofishkPresedinecgmBeRitionber oS sl eah ooyt 48GUtasEht Vashctual
amount qf fRiorid gy dé3itebiliin snavHpesesasaieskiasedandanied ypsiderdRaing inyalyiag an ion

specific electrode for fluoride, as well as nuclear. magnetic resonance imaging. Such techniques are

known by those&hasPHtearhlareHeipe, 8l ptimber ftidioge FARAHB TS, HenBBcedures
known and acceplegi $aBsThnifiat)aslsfte aleatatiteyineardticalamoynishehdlyotigrijs are also
known in the art, and may depend on a.number of factors including the selection of a particular
fluoride ion souPEeMIdHy EHRAGsER MG dhlogisis NbdrtdesdoishHpgidistiensHetifte provided by
a fluoride ion sqiékeRidth8LEIise P E@UEEFIMDR REnaFYI®IBE dpaitiScoppalienalgipleasiaatiiuerige ion in
an aqueous environment. Typical sources,include saluble salts of the fluoride ion; such as, for
example: sodiufHA8REeCRSERQSRY #08HGEARAT RIS ,Qﬁﬁ@ﬂﬁ@rﬂ‘é‘?gim ammonium fluoride,
lithium flagride, anyrootisprébediigecsigornismélvonigestiaan abtafiverariEsonpitorpbaoRIeX a
fluorides, monofluorophosphates and salts thereqf such as, e.g., sodium monoflyorophosphate or
potassium mon8HATSF o%ﬁﬁgfﬁ,z%ﬂﬂ%iﬁ% Withasseialfeca eﬁﬁn’fﬁ{ﬁ?ﬁ&ﬁﬂggfi%tnﬁ&e
hydrofluoride, didemilditieatwerunionium fluoride, cetylpyridinium fluoride, dilaurylmorpholinium
fluoride, sarcosipe stannous fluoride, glycine potassium fluoride, glycine hydrofluoride, and amine
foorides! S A5 ) B¢ BREHE KB BE A BS003 SHEALY 165 o1 RTINS 0TS 035,506 and
4,040,8582the canterfithopmwiiding e mpxsitionsovhataied dynhtidteeence. ia thelietyety. WO
2009/117644PCT/U 09/037.782 [0017].The flupride ion. source is most prefefably jn.an amount
auch ot 1 SRR D RESrac & BRI et D MR n TR EEEp v RIS RS loaot about
5,000 pphandiomspositicnstaticksving thas shosh9%a$e2b, 808P b2 fekeaidb ipnthecdvaside ions are
present in an amount of at least about 5,000 ppm. In order to provide such a concentration in the
optimal ppm range, the exact weight percentage of the fluoride ion source in the composition may
vary, depending upon the stoichiometric properties of different fluoride ion sources. Preferably, the
amount of fluoride ions present in the composition is such that the composition is capable of providing
high fluoride ion recovery 3 or 6 months following manufacture of the composition, preferably, 100%
fluoride ion recovery after 3 or 6 months following manufacture of the composition. It may also be

fAarinAd that tha ~r~nmnncitinne nf tha nracant iInviantinn Maintain fliinrida inn avzailahilifvr fallowinAa octAarano



WO 2009/117644PCT/US2009/037782 include, but are not limited to: silicas, aluminas, phosphates,
carbonates, and mixtures, derivatives and salts thereof, and resinous abrasive materials. [0027] One
or more hureR sl kigdt be added to the oral care compositions of the preBEAtHAYINSA7§dr providing
body or texture to the formulations and for maintaining moisture in the formulations. Useful
humectants include, but are not limited to: various polymeric glycols and other hydroxy-based

humectants such as, e.g., propyjene glycols, glycerol, erythritol, xylitol, sorbitol, mannitol, lactitol,
hydrogenatéd s Biy tégvé %bé’r‘ﬁtblﬁg{)u?bﬁgod‘fc{%é%rﬁf)?ﬁﬁ%ents. The compositions of the

present ingsntia@vbinpysaisastierouhstagiaiedsaetnd foedbyene@yesl i€ X 6 lossthambdithdess than
0.5%, or 0% orf out.0% by Vﬁaei ht of the composition. [0028] Antibacterial agents can be used if
reduction of midPOSH G SR LELs 8H S SOBEGTIIYe known antibacterial agents used in dentifrice

formulatipee sl Thasiesest ibaitis Bithosticiurrdhenzaateod fipasitdansoitiliioreibtand
phenolic compaounds such as betanaphthol, chlorothymaql, thymol, anethagle, eycalyptol, carvacrol,
menthol SEREHEIDRTIBHERSI2 %Wﬁr?@ﬁ(d{“ﬁ&lyﬁ%}%ﬁ%’l%% ﬁeln?cﬁ,tﬂ&?H@iWH&,etgu@'pyridinium
chloride,brytisitglpyridinium chloride, cetylpyridinium fluoride, cetylpyridinium chloride and

cetylpyridini omide. Compaositions of the present invention may also incluge one or mare basic
o1 i e g S At R

compositigiiftaiht i faseidd ievieen i desticadi anebmpositichide any of those commonly used in a
dentifrice to impart a pleasing taste to the product. Suitable sweeteners include but are not limited to:
saccharins and derivatives thereof, cyclamates and derivatives thereof, acesulfane-K, thaumatin,

neohisperidin dihydrochalconp EAm i@ DaESgREFTIONNQEEREB I VEBNISRY Sucrose, mannose,
glucose and any other suitable sweeteners. [0030] One or more syrfactants may alsq be included in
the oral 003 HofpeehOHL oY RTE-ERLSiARIaR R FETECS eSS B BRARAE SHs BB G Hbons o
the presertipwaniomaintudehit te AmgRiAsyfatiristhiwitie iage s feciaisenapibpitaHifastants,
amphoteric surfactants, and cationic surfactants. A preferred surfactant is cocoamidopropyl betaine.
[0031] Oﬂ’@ 5¥$H&il in the art would recognize that an ingredient may serve various purposes in the

composi{iert A oriexamplssifelyefte pecghic ol veayoacoasain thickellngcagsablyiscosity modifier,
10032] TR SN RO BATEH L HBIEE LS T HLA SRPRGAT LA 1 FAA S BRHETEE s and
can be _spieséﬁdﬂit&f_sa_ﬁdwonthedmt&mﬂgd%n%us&mf;ﬂeg%mmbﬂﬁt uﬂm@myrmgme _physical and
the foloF TR ST P SARRLCE SRS 06 OB LGS AT eh ARt
achieve a:thead:tiealopobyiablenflsianideciagcmobaniatios git o O4d pr30,600 prapaued,000®00gfetients
for the e O;?lig gggu%%,%'b%s%na (()juitnSEBl,%l&O.lP-I;e elrt?e:cll P%IQE@I&Achpoole)%QPse {n%ﬂléél tEos% El-)m:IEIeSr the

GANTREZ brand from ISP (Wayne, NJ). The PVME/MA copolymer may also act as an

antibacterial enhancing agent if present in an antibacterial enhancing effective amount.

[0013] The compositions of the present invention also include a hydrocolloid, which may serve as

an emulsifying, thickening and/or gelling agent, and is one that can further contribute to

maintaining the anticaries activity of the fluoride ion over time. Preferred hydrocolloids include

plant exudates such as gum Arabic; seaweed extracts such as xanthan gum, agar and carrageenan

gum; plant seed gums or mucilages such as guar gum; cereal gums such as starches; fermentation

gums such as dextran; animal products such as gelatin; or combinations of any of these

hydrocolloids. A preferred hydrocolloid is xanthan gum.

[0014] The compositions of the present invention also include a heteropolysaccharide, e.g.,

derived from plant cell walls. The heteropolysaccharide may be esterfied, e.g., partially methyl

esterfied, and may serve as an emulsifying, thickening, and/or gelling agent. A preferred



1.5 Glycerin 3 12 3 3 Polyethylene glycol 33 Xanthan gum 0.7 0.50.2.7 Pectin 0.10.1 0.1

Hydroxy ethyl cellulose
WO 2009/117644 PCT/US2009/037782

heteropolysaccharide is pectin. A preferred pectin may be obtained from CP Kelco (San Diego,
CA) under the tradename GENU® pectin USP/100.

[0015] The compositions of the present invention are able to provide a high recovery of fluoride
ions. Generally, the compositions are able to provide high fluoride ion recovery of from about
90% to about 120%, e.g., about 90 % to about 110%, about 95% to about 110%, or about 100%.

9 ¢

The terms “fluoride ion recovery,” “recovery of fluoride ions” and the like describes the
relationship between the theoretical amounts fluoride ions available in a composition, and the
actual available amounts of fluoride ion present when a composition is manufactured, or at any
given time afterwards, e.g., 1 week, 1 month, 2 months, 3 months, 6 months, or 1 year following
manufacturing. “High” fluoride ion recovery means that the actual amounts of available fluoride
ions are about 90% or greater than the theoretical amounts of available fluoride ions in the
composition, e.g., about 95% or greater. Indeed, high fluoride recovery may also mean that the
actual amounts of available fluoride ions are greater than 100% of the theoretical amounts of
available fluoride ions, e.g., from about 100% to about 120%, e.g., about 100 % to about 110%, or
about 105%.. The actual amount of fluoride ion availability may be determined based on ionic
fluoride testing involving an ion specific electrode for fluoride, as well as nuclear magnetic
resonance imaging. Such techniques are known by those of skill in the art, and may be performed
in accordance with standard procedures known and accepted in the art. Methods of calculating
theoretical amounts of fluoride ions are also known in the art, and may depend on a number of
factors including the selection of a particular fluoride ion source, and solvents utilized in the
composition.

[0016] Fluoride ions may be provided by a fluoride ion source. A fluoride ion source may be
anything that is capable of releasing fluoride ion in an aqueous environment. Typical sources
include soluble salts of the fluoride ion; such as, for example: sodium fluoride, potassium fluoride,
calcium fluoride, zinc fluoride, zinc ammonium fluoride, lithium fluoride, ammonium fluoride,
stannous fluoride, stannous fluorozirconate, and complex fluorides, monofluorophosphates and
salts thereof such as, e.g., sodium monofluorophosphate or potassium monofluorophosphate,
laurylamine hydrofluoride, diethylaminoethyloctoylamide hydrofluoride,
didecyldimethylammonium fluoride, cetylpyridinium fluoride, dilaurylmorpholinium fluoride,
sarcosine stannous fluoride, glycine potassium fluoride, glycine hydrofluoride, and amine
fluorides. See, e.g., U.S. Patents Nos. 3,538,230, 3,689,637, 3,711,604, 3,911,104, 3,935,306 and

4,040,858, the contents of which are herein incorporated by reference in their entirety.



0.1 0.2 Carbopol 974 0.2 Propylene glycol 55 5 Sorbitol 17.5 8.8 23.9 17.6 17.5 Gantrez S-97

(PVME/MA copolymer) 1
WO 2009/117644 PCT/US2009/037782

[0017] The fluoride ion source is most preferably in an amount such that it is capable of
maintaining a high level of fluoride ion in the composition that is at least about 5,000 ppm, and in
some instances up to as much as 25,000 ppm. Preferably, the fluoride ions are present in an
amount of at least about 5,000 ppm. In order to provide such a concentration in the optimal ppm
range, the exact weight percentage of the fluoride ion source in the composition may vary,
depending upon the stoichiometric properties of different fluoride ion sources. Preferably, the
amount of fluoride ions present in the composition is such that the composition is capable of
providing high fluoride ion recovery 3 or 6 months following manufacture of the composition,
preferably, 100% fluoride ion recovery after 3 or 6 months following manufacture of the
composition. It may also be found that the compositions of the present invention maintain
fluoride ion availability following storage, e.g., after 3 or 6 months, compared to the fluoride ion
content when the compositions is initially prepared.

[0018] The compositions of the present invention may comprise a quantity of water that is higher
than that normally associated with a traditional oral care compositions. The hydrocolloid,
heteropolysaccharide and PVEME/MA copolymer forms a paste that traps the water in the
formulation to achieve a desired rheology, while maintaining a high concentration of fluoride ions
in the composition.

[0019] The oral care composition is preferably in the form of a dentifrice. Preferred dentifrices
include but are not limited to various types of toothpaste, tooth polish, tooth gel, mouthwash and
mouth rinse, denture adhesive or cream or the like. ‘

[0020] In one embodiment, an oral care composition is provided that can incorporate high levels
of fluoride for anticaries treatment, tooth sensitivity, and xerostomia. The compositions may also
incorporate one or more sensitivity treatment agents, e.g., potassium salts such as potassium
nitrate, potassium bicarbonate, potassium chloride, potassium citrate, and potassium oxalate;
capsaicin; eugenol; strontium salts; zinc salts; chloride salts and combinations thereof. Such
agents may be added in effective amounts, which preferably vary between about 0.01% to about
10% by weight based on the total weight of the composition, depending on the agent chosen.
[0021] Preferably, a desensitizing agent is a potassium salt in an amount of at least about 5% by
weight of a potassium salt based on the total weight of the composition. Most preferably, the
composition includes about 5% to about 10% by weight of the potassium salt. Effective amounts

of such potassium salts and their use are described in e.g., the following patents: U.S. Patents Nos.



11 Water 48.1 48.7 52 48.2 48.8 Sodium fluoride 1.1 1.1 1.1 1.1 1.1 Sodium saccharin 0.4 0.40.40.4

0.4 Sodium benzoate 0.50.50.50.5
WO 2009/117644 PCT/US2009/037782

3,863,006, 4,631,185 and 4,751,072, the contents of which are incorporated by reference in their
entirety. Most preferably, the desensitizing agent is potassium nitrate.

[0022] The oral care compositions of the present invention preferably further include at least
about 40% by weight water based on total weight of the composition, e.g., at least 50%, or about
40% to about 60% by weight water. This is typically more water than would be used in a standard
sensitive tooth or anticaries dentifrice such as toothpaste, because one of ordinary skill in the art
would expect a larger amount of water to yield a composition that is highly liquid.

[0023] Other thickening agents that may be used in the oral care compositions of the present
invention. Other thickening agents are known in the art, and include, but are not limited to: silica
thickeners; glycerites; sodium alginate; carboxymethyl cellulose; hydroxyethyl cellulose,
hydroxypropyl cellulose; hydroxymethyl cellulose; hydroxymethyl carboxypropyl cellulose;
methyl cellulose; ethyl cellulose; sulfated cellulose; as well as mixtures and combinations of these
compounds. Such additional thickeners may be used in amounts of up to about 15 wt % of the
composition based on the total weight of the composition.

[0024] The compositions of the present invention may also include a variety of common
additional active agents typically used in oral care formulations, including but not limited to:
triclosan; triclosan monophosphate; chlorhexidine; alexidine; hexetidine; sanguinarine;
benzalkonium chloride; salicylanilide; arginate esters; ethyl lauryl arginate, bisphenols, domiphen
bromide; tetradecylpyridinium chloride; N-tetradecyl-4-ethylpyridinium chloride; octenidine;
delmopinol; octapinol; nisin; zinc ion agent; copper ion agent; essential oils; furanones;
bacteriocins; salts of the foregoing active agents and mixtures and combinations thereof.

[0025] Optional additives for the oral care compositions of the present invention may also be
used, such as those commonly used for forming a dentifrice, including but not limited to:
abrasives and/or amorphous silica, humectants, stabilizing agents, antibacterial agents, sweeteners,
colorants, surfactants, healing agents, other caries preventative agents, chelating/sequestering
agents, vitamins, amino acids, proteins, anti-plaque agents, anti-calculus agents, opacifiers,
antibiotics, anti-enzymes, enzymes, pH control agents, oxidizing agents, antioxidants, whitening
agents and preservatives.

[0026] One or more abrasive or polishing materials may also be included in the oral care
compositions of the present invention. The abrasive or polishing material can be any material that
is acceptable for use in a dentifrice, does not excessively abrade dentin and is compatible with the

other components of the oral care composition. Exemplary abrasive or polishing materials



0.5 Potassium sorbate 0.1 0.1 0.1 0.1 Cetylpyridinium chloride 0.2 0.2 0.2 Dibasic potassium

phosphate 2 2 1.2 2 2 Sodium hydroxide 0.5 0.5 0.5 Polyoxyl 40 hydrogenated castor oil
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include, but are not limited to: silicas, aluminas, phosphates, carbonates, and mixtures, derivatives
and salts thereof, and resinous abrasive materials.

[0027] One or more humectants may be added to the oral care compositions of the present
invention, for providing body or texture to the formulations and for maintaining moisture in the
formulations. Useful humectants include, but are not limited to: various polymeric glycols and
other hydroxy-based humectants such as, e.g., propylene glycols, glycerol, erythritol, xylitol,
sorbitol, mannitol, lactitol, hydrogenated starch hydrolyzates and combinations of these
components. The compositions of the present invention may also be substantially free of
polyethylene glycol, e.g., less than 1%, less than 0.5%, or 0% or about 0% by weight of the
composition.

[0028] Antibacterial agents can be used if reduction of microorganisms is desired, and can include
known antibacterial agents used in dentifrice formulations such as, e.g., benzoic acid, sodium
benzoate, potassium benzoate, boric acid, and phenolic compounds such as betanaphthol,
chlorothymol, thymol, anethole, eucalyptol, carvacrol, menthol, phenol, amylphenol, hexylphenol,
heptylphenol, octylphenol, hexylresorcinol, laurylpyridinium chloride, myristylpyridinium
chloride, cetylpyridinium fluoride, cetylpyridinium chloride and cetylpyridinium bromide.
Compositions of the present invention may also include one or more basic amino acids, e.g.,
arginine, in free base or salt form.

[0029] Sweeteners may be used in the oral care compositions of the present invention if desired,
and may include any of those commonly used in a dentifrice to impart a pleasing taste to the
product. Suitable sweeteners include but are not limited to: saccharins and derivatives thereof,
cyclamates and derivatives thereof, acesulfane-K, thaumatin, neohisperidin dihydrochalcone,
ammoniated glycyrrhizin, dextrose, levulose, sucrose, mannose, glucose and any other suitable
sweeteners.

[0030] One or more surfactants may also be included in the oral care compositions of the present
invention. Surfactants useful for the oral care formulations of the present invention include, e.g.,
anionic surfactants, zwitterionic surfactants, nonionic surfactants, amphoteric surfactants, and
cationic surfactants. A preferred surfactant is cocoamidopropyl betaine.

[0031] One of skill in the art would recognize that an ingredieﬁt may serve various purposes in the
composition. For example, polyethylene glycol may act as a thickening agent, viscosity modifier,

surfactant, and/or humectant in a dentifrice composition.



33333 Zeodent 1656 4.5 3 6 6 Zeodent 114 8 8 8 8 8 Cocoamidopropyl betaine 0.3 0.3 0.3 0.3

Flavor1 1
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[0032] The other ingredients noted may be any of those commonly used in dentifrice formulations

and can be selected based upon the intended end use of the formulations and to optimize the

physical and aesthetic characteristics of the formulations.

[0033] The invention will now be described with respect to the following non-limiting examples:
EXAMPLE 1

[0034] Five dentifrice compositions formulated to achieve a theoretical available fluoride ion

concentration of 5,000 ppm are prepared. The ingredients for the compositions are presented in

Table 1

Table 1

X A B C D
Poloxamer 407 1.5 1.5 1.5 1.5
Glycerin 3 12 3 3
Polyethylene glycol 3 3
Xanthan gum 0.7 0.5 0.2 i
Pectin 0.1 0.1 0.1
Hydroxy ethyl cellulose 0.1 0.2
Carbopol 974 0.2
Propylene glycol 5 5 5
Sorbitol 17.5 881 239 17.6]| 17.5
Gantrez S-97 (PVME/MA copolymer) 1 1 1
Water 48.1 | 48.7 52| 48.2| 488
Sodium fluoride 1.1 1.1 1.1 1.1 1.1
Sodium saccharin 0.4 0.4 0.4 0.4 0.4
Sodium benzoate 0.5 0.5 0.5 0.5 0.5
Potassium sorbate 0.1 0.1 0.1 0.1
Cetylpyridinium chloride 0.2 0.2 0.2
Dibasic potassium phosphate 2 2 1.2 2 2
Sodium hydroxide 0.5 0.5 0.5
Polyoxyl 40 hydrogenated castor oil 3 3 3 3 3
Zeodent 165 6 4.5 3 6 6
Zeodent 114 : 8 8 8 8 8
Cocoamidopropyl betaine 0.3 0.3 0.3 0.3
Flavor 1 1 1 1 1
Sodium methyl cocoyl taurate 1.2 0.5
FD&C Blue #1 trace | trace | Trace | Trace | trace

[0035] Compositions X, A, and B formed a paste suitable as a toothpaste. Composition C is
found to form a paste suitable as a toothpaste. Composition D is found to not form a paste useful

as a dentifrice composition.



11 1 Sodium methyl cocoyl taurate 1.2 0.5 FD&C Blue #1 trace trace Trace Trace trace [0035]
Compositions X, A, and B formed a paste suitable as a toothpaste. Composition C is found to form a
paste suitadER¥tH3Mbaste. Composition D is found to not form a paste BSEUPFYYBER frice
composition. WO 2009/117644PCT/US2009/037782 Example 2 100361 Compositions X, A and B
was used by volunteers and found to have a "smooth" feeling. Composition C would be found by
volunteers to have a "smooth" feeling in the oral cavity following use of the composition. Example 3
100371 Compositions X, A, B and C was tested for fluoride ion availability when the compositions are
initially prepared, after 3 months of accelerated gging (atA0C and 75% relative humidity), and after 6

months of accelerated aging. Results are provided in Table 2. Table 2 Composition Initial fluoride ion
in ppm (4843ebGerppositions X, A and B was used by volunteers and found to have a “smooth” feeling.

Composition C would be found by volunteers to have a “smooth” feeling in the oral cavity
following use of the composition.

Example 3
[0037] Compositions X, A, B and C was tested for fluoride ion availability when the compositions
are initially prepared, after 3 months of accelerated aging (at 40°C and 75% relative humidity),

and after 6 months of accelerated aging. Results are provided in Table 2.

Table 2
Composition Initial fluoride ionin | 3 month fluoride 6 month fluoride ion
ppm (% recovery) recovery in ppm (% recovery in ppm (%
recovery) recovery)
X 5088 (102%) 5071 (101%) 5157 (103%)
A 4354 (87%) N/A N/A
B 4705 (94%) 4545 (91%) 4345 (87%)
C 4400 (88%) N/A N/A

[0038] Results showed that compositions lacking xanthan gum, pectin, and a PVME/MA
copolymer immediately suffer loss of fluoride ion availability. The initial fluoride ion availability
following manufacturing is unacceptable (below 90%) for Compositions A and C; thus, aging
studies are not performed on Compositions A and C. Composition B continued to lose available
fluoride ion over time. Surprisingly, Composition X maintains full and complete available
fluoride amounts, even following 6 months of aging.

[0039] It will be appreciated by those skilled in the art that changes and alterations may be made
to the embodiments described above without departing from the broad inventive concept thereof.
It is understood, therefore, that this invention is not limited to the particular embodiments
disclosed, but it is intended to cover modifications within the spirit and scope of the present

invention as defined by the appended claims.
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3 month fluoride recovery in ppm (% recovery) 6 month fluoride ion recovery in ppm (% recovery) X 5088
(102%) 5071(101%) 5157 (103%) A 4354 (87%) N/A N/A B 4705 (94%) 4545 (91%) 4345 (87%) C 4400
(88%) N/A N/A 100381 Results showed that compositions lacking xanthan gum, pectin, and a PVME/MA
copolymer immediately suffer loss of fluoride ion availability. The initial fluoride ion availability following
manufacipyingdgynacceptable (below 90%) for Compositions A and C; thus, aging studies are not
performed on Compositions A and C. Composition B continued to lose available fluoride ion over time.
Surprisingly, Composition X maintains full and complete available fluoride amounts, even following 6

months of aginga HAGEcH suith hiss Riepreshtediny: those skilled in the art that changes and alterations may
be made to the embodiments described above without departing from the broad inventive concept thereof

It is understood herefdYHRSPHNL SRIEHFIATRT S18iHE ALY (B E 8L LM ERIBYIKAOME . T bsed, but it

is intended to cover magificasioasewithigihe GRafgant sears ojdheinresenibiviantentasresitined by the
appended claims. We claim: 1.A dentifrice composition comprising: a) a hydrocolloid selected from the
group consistirr%’sl)f Aré"n;i‘gtﬁm?l)\(é"f‘ﬁﬁ;ﬁ'gﬁmhégdﬁ ReSH8geenan gum, guar gum, dextran, gelatin, or

combinations thgyeof; R)palheieyhneliprecitatidrivaittyisine cEiME/MA) copolymer; and
d) a fluoride ion source sufficient to provide from 5,000 ppm to 25,000 ppm
available fluoride ions,

wherein the composition provides greater than 90% fluoride ion recovery 6 months following

manufacture.

2. The composition of claim 1 wherein the hydrocolloid is xanthan gum.

3. The composition of claim 1 comprising from 0.05% to 5% hydrocolloid.
4. The composition of claim 1 comprising from 0.01% to 4% of pectin.

5. The composition of claim 1 comprising from 0.1 % to 10% of a PVME/MA copolymer.

6. The composition of claim 1 further comprising an effective amount of an antibacterial
agent, optionally wherein the antibacterial agent is selected from the group consisting of a

halogenated diphenyl ether, cetylpyridinium chloride, and combinations thereof.

7. The composition of claim 1 further comprising an effective amount of a desensitizing
agent, wherein the desensitizing agent is selected from the group consisting of a potassium salt,

capsaicin, eugenol, a strontium salt, a zinc salt, a chloride salt, or combinations thereof.

8. The composition of claim 1 wherein the fluoride ion source is selected from the group
consisting of sodium fluoride, potassium fluoride, calcium fluoride, zinc fluoride, zinc

ammonium fluoride, lithium fluoride, ammonium fluoride, stannous fluoride, stannous

11



c) a polyvinylmethylether/maleic anhydride (PVME/MA) copolymer; and d) a fluoride ion source sufficient
to provide from 5,000 ppm to 25,000 ppm available fluoride ions, wherein the composition provides
greater than 90% fluoride ion recovery 6 months following manufacture. 2. The composition of claim 1
wherein the hydrocolloid is xanthan gum. 3.The composition of claim 1 comprising from 0.05% to 5%

hydrocoligighrézireenemasnilinmehefisy dpaespRERiINe fEesum PdrdAutYeMidpRER, RdfmerReposition of

claim 1 comprlsmg from 0.1 % to 10% of a PVME/MA copolymer. 6. The composition of claim 1 further

comprisify &R TlyakidR,Slisthylamigp e RGN IABHdE Dy, WW&HWW@WE ARRORDial agent is

selected 7@ dB Scarp ra@nRIAt G GH ¢ hailag BN AIeD KBNRRMY FRIDABeCSivtYTIGiSikR st Pridedand
combinations thereof. 7.The composition of claim 1 further comprising an effective amount of a

desensiti24g %@WS\WHQ}&H%%%%’&H%@{HEPQB%HF"?S apjgeHHAHGRS tARISATR BBINSHRG 87 potassium

salt, capsaicin, eugenol a strontium salt, a zmc salt, a chloride salt, or combinations thereof. 8.The
composition of claim 1 wherein the fluorl source Is selected from the%clffp& onS|st|n of sodium

fluoride, Potassitif ABBIRAS'UORG ﬁ'ﬁfm&r m%omﬂﬂﬁ!i'%g SIS SR AR SthiliH ‘ﬂmlde
ammonIuﬁbﬁugﬁmb@ha@mmémnﬁea@ﬂﬂﬂ@ﬁeﬂmmr@an@ﬁmaﬁn@tbenmmﬂuﬂf@ntmmmate

potassiu POﬂuﬁ?o.ghos hate, Iau&ei ine hyd oflu dleth aml oet Ioct lamide hydro fluoride,
CiiocyaiRUEARRHINRo TGHTAG GRS IR ALHTaI S8 e RURERRAT Ruoride, sercosine
stannouaétvmdﬂrgludmmmaﬁmm ﬂum&dee@mmmbmmﬂmmebmmd@ Buerittiee afethesiinations
thereof. 9. The rEdmsmon of claim 1 further com n&é% nnoys ion a% t, triclosan, t closan

monoph Brdrh &N %qs%d?ﬁepﬁfe%&ﬁﬂ o & é)r'iﬁe HanH ﬁrﬁ{'@ﬁlaﬁoae %Séﬁcylanilide,

arginate eﬁtﬁrr@aaﬂl,)dmwﬁmgmﬁteﬂbmmenols domiphen bromide, tetradecylpyridinium chloride,

N-tetradecy1-4-ethylpyridinium chloride, octenidine, delmopinol, octapinol, nisin, zinc ion agent, copper

ion agent, essential oils, furanones, bacteriocins, a basic amino acid, or combinations thereof. 10. The

compositign of qramdrﬁpo‘é‘n&moﬁmai&ingfaidthar eompna@@aﬁi@sa&hjﬁzén@r&getatanzingkagem,rai agent, a

sweetener ?&@ rfactant ?r comblnatlonst of 11. The 'E %tlon f claim 1 which is a toothpaste.
T

12. A deﬁf#r' 5168&?? of %\’(V,%%tle@i?{g %3%31 qtegF HRY 'l]ng treatlng xerostomia and/or tooth

sensitivity, the method comprising applying the dentifrice composition to the oral cavity, optionally wherein

the compgsitio applied ta the oral.ca brushi he teeth. 13. Use of the dentrifice composition

aCCOI‘dInéJ%O clg]rlrﬁ fﬁT}P\ 3 %Bf f ]\;)ng gb it n@rﬂafsct? ‘treating xerostomia and/or tooth sensitivity.
12. A dentifrice composition according to claim 1 for use in a method for treating xerostomia

and/or tooth sensitivity, the method comprising applying the dentifrice composition to the oral
cavity, optionally wherein the composition is applied to the oral cavity by brushing of the teeth.

13. Use of the dentrifice composition according to claim 1 in the manufacture of a

medicament for treating xerostomia and/or tooth sensitivity.
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